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(57) Abstract 



The invention relates to an apparatus for interfacing a multi-channel digital link and a plurality of analog lines in telephone systems. 
A TDM bus system (33) is provided between a digital link interface circuit (31) and analog line interface circuits (32) for transferring user 
information signals in two directions. A multi-channel digital signal processing unit (35) is connected to the TDM bus system (33) for 
selectively signal processing the information signals transferred on the TDM bus system. Which information signals are selected for signal 
processing and which signal processing function is performed on each specific selected information signal is determined by a software of 
the apparatus. Hie apparatus is very flexible and scaleable, as it is very easy to add, modify or completely change the signal processing 
functions by a simple software change without redesigning and changing the hardware. Typical functions could be analog inband signalling 
processing, voice equalization, echo cancellation, echo suppression, tone suppression, dual-tone multi-frequency (DTMF) detection and 
DTMF generation. 
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An apparatus for interfacing a multi-channel digital link and a plurality of 
analog lines 

Field of the Invention 

5 The invention relates to telephone systems and, more particularly, 

to signal processing functions in association with analog line interfaces. 

Background of the Invention 

Digital exchanges (switches) are nowadays widely used in public 

10 switched telephone networks but the subscriber lines between the exchange 
and the subscriber facilities are typically analog two-wire lines. Therefore the 
digital exchange may be provided with an analog subscriber interface which 
interfaces the digital signal from the digital exchange to the analog subscriber 
line. In Fig. 1 an exchange 10 is provided with an analog subscriber interface 

15 11 which connected to a subscriber line 13 from subscriber terminal 12. As 
shown in Fig. 1, an analog subscriber interface 15 may also be located at a 
remote multiplexer unit 14 which is interconnected with a digital subscriber 
interface 19 in the exchange 10 by a digital link 18 (e.g. 2 Mbit/s). As further 
illustrated in Fig. 1, a digital link 20 may also interconnect a remote multiplexer 

20 16 with another multiplexer 21 located close to the exchange 19. The analog 
interface of the multiplexer 21 is connected to the analog subscriber interface 
in the analog exchange 10. Use of the multiplexers and the digital links enable 
longer distances between the subscribers and the exchange as compared with 
use of pure analog lines. It is further possible to locate the multiplexer close to 

25 the subscriber premises, which allows to realize the access network in a star 
configuration with short subscriber lines and thereby with relatively low costs of 
cabling. 

A number of analog subscriber interfaces in a multiplexer (such as 
multiplexers 14, 16 and 21) is often very high, because the digital link is nor- 
30 mally at least 2 Mbits/s multi-channel PCM (Pulse Code Modulation) link. This 
means capacity of 30 subscriber channels and two signalling channels in 
minimum. 

In a prior art. multiplexer a high speed PCM link is handled with a 
relatively simple multiplexing device which is common to all analog subscriber 
35 interfaces. A time division multiplexed (TDM) bus is provided for transfer of 
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information between the multiplexing device and the analog subscriber inter- 



20 



faces. 



Modern telephone networks and digital exchanges support various 
functions and features which were not available in conventional analog ex- 
5 changes. For example, echo cancellation is widely used for improving the 
speech quality, especially in long distance and international calls. Dual-tone 
multi-frequency (DTMF) generation and detection allow tone dialling and 
thereby various services. It is desired that various new functions could be of- 
fered also to the subscriber of conventional exchanges without major hard- 

10 ware changes in the exchanges or in the multiplexers. 

In countries in which the digitalization of the telephone networks is 
still going on or has not yet been started, there may be generations of analog 
exchanges which support different kinds of functions and signalling. A new 
digital exchange or a multiplexer should be able to provide an analog interface 

15 having functions compatible with analog inter-exchange lines and subscriber 
lines in each specific case. Also introduction of new functions or features typi- 
cally requires designing a new hardware for the multiplexing unit. 



Disclosure of the Invention 

Thus, an object of the invention is a multiplexer apparatus or a like 
which allows to modify or completely change signal processing functions with- 
out need to changes in the hardware. 

This and other objects of the invention are achieved by an appara- 
tus for interfacing a multi-channel digital link and a plurality of analog lines, 
25 comprising 

a digital link interface unit connected to said multi-channel digital 
link for two-way transmission of user information and signalling information, 

analog channel interface units, each of the analog channel inter- 
face units being connected to one or more analog lines of said plurality of 
30 analog lines, 

a time division multiplexed (TDM) bus system for two-way transfer 
of information signals between said digital link interface unit and said analog 
channel interface units, 
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a multi-channel digital signal processing unit connected to said 
TDM bus system for selectively signal processing said information signals 
transferred on said TDM bus system. 

In an apparatus according to the invention, a TDM bus system is 

5 provided between a digital link interface circuit and analog line interface cir- 
cuits for transferring user information signals in two directions. A multi-channel 
digital signal processing unit is connected to the TDM bus system for selec- 
tively signal processing the information signals transferred on. the TDM bus 
system. Which information signals are selected for signal processing and 

10 which signal processing function is performed on each specific selected infor- 
mation signal is determined by a software of the apparatus. The apparatus is 
very flexible and scaleable, as it is very easy to add, modify or completely 
change the signal processing functions by a simple software change without 
redesigning and changing the hardware. Also additional analog lines can be 

15 added without hardware modifications. Tailored signal processing functions 
can be easily provided for each single application with the same universal 
hardware, which will significantly reduce the cost of development and manu- 
facture. A further advantage of the invention is that it allows use of conven- 
tional analog line interface circuits and digital link circuits, since the signal 

20 processing unit is connected to the bus system between them. Typical appli- 
cations could be analog inband signalling processing, voice equalization, echo 
cancellation, echo suppression, tone suppression, dual-tone multi-frequency 
(DTMF) detection and DTMF generation. 

25 A Brief Description of the Drawings . 

The apparatus in accordance with the invention will now be de- 
scribed, by way of example, with reference to the accompanying drawings in 
which: 

Figure 1 illustrates various ways to realize a subscriber access net- 
30 work in an analog or digital local exchange, 

Figure 2 is a basic block diagram of an apparatus according to the 

invention. 

A Detailed Description of the Invention 

35 The present invention can be applied in various apparatuses inter- 

facing a multi-channel digital link and a plurality of analog lines. A typical ap- 
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Rout 1 ' 7 7 0t : SUbSCTfcer "W—. «* as multiplexer 14, ,6 or 2, In 

«ed by the a pa,rof the .nvenhve apparatuses between a pair of exchanges 
The apparatus according to the invention may be phyaicaUy tocated t an et 

paratus is a remote multiplexer. 

emtwH- R . e t'! n9 ,0 H9Ure 2 ' 8,6 mul,i P te «r according to the preferred 
embod,mem of the invention composes a dfcfta, „ nk in um ,™ 

and a pluralty of analog channel Interface unit (ACIU) 32,...32„ Each AC^ 32 

aT.n aUd '°: freqUenC >' Woe-frequency) transmit and receive direction 
signals. An analog-to-dxjital cohveraion (e.g. analog-to-PCM converts 
penned on the receive direction signal before transmitting » to the DLIU 3 
Srmtlany a d,g,te M o-analog conversion (e.g. PCM-,o-ana,og convert s 
performed on a PCM sfcna, received from DUU in order ,0 pmv"„l 
direction signal which is fed to the analog line 35. "a a transmit 

a 2 Mbit/a I^h'" " '.T™** '° ' 8pe * d <"*' link ' «•** ™y be 

mav be L T ^ ° M link ' A1 8,9 ' ar Snd 0f the di * M link 1 8 0 20 
may be, for example, a digital exchange (such as exchange 10 in Figure 1) or 
another multiplexer (such as the multiplexer 21 in Fiqure 1) l Z Z 

Mbits/s interface according to CCITT standard G.704. 

The multiplexer apparatus further comprises an internal time divi 
ion mulbplexed (TDM, bus system 33 to which the ACUs 32 a Jme DUU 3 
are connected. In the preferred embodiment of the invention the timinn 
management of the TDM bus system 33 is located « Tool, bl Tm T 

b~ ck 3 rsr? permansn% ° r — - 

DLttt ,1 th f0r . transfe ™9 ™» Nation between ACIUs 32 and the 
DUU 31. The user infomtation as used herein means generally any speech o! 
date in^atton or inband stalling of the analog „„e 35 .JsZTrfugh 

Z 2 TDMr m • ™ e ^ in,0rmaa ° n iS ^ in f °™ - «*« sam- 
ples. The TDM bus system 33 may consist of one or more discrete buses se 

« or paralle,. TDM bus system 33 indudes also a signalling ha el or 
K T2ZT h 9 ^ ° 0n,r01 mmati ° n ^ A0U * 32 and the DUU 

b si as a s 9 T a " nel ^ be °' ° ne ° r m ° re ,lma -* in a ™ 
bus or as a separate signalling bus. I, should be noted mat the detailed struc 
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ture and operation of the TDM bus 33 is not relevant to the present invention 
and will not be described in more detail herein. In the preferred embodiment 
shown in Figure 2 the TDM bus system 33 comprises a receive direction TDM 
bus 33A and a transmit direction TDM bus 33B. 
5 In accordance with the principles of the present invention, a digital 

signalling processing unit 35 is connected to the TDM bus system 33 for se- 
lectively signal processing the information signals transferred over the bus 
system 33. In the preferred embodiment of the invention a decoupling circuit 

36 is series connected on the serial receive TDM bus 33A. The input port and 
10 the output port of the serial interface 35A in the DSP unit 35 is connected to 

the input and output of the decoupling circuit 36, respectively. The decoupling 
circuit 36 is controlled by the DSP unit 35 to switch a direct connection through 
the decoupling device 36 so as allow the information signals on the TDM bus 
35A to go straight to the DLIU 31, or to break the direct connection in order to 
15 route the information signals to pass through the DSP unit 35 to be signal 
processed before being forwarded to DLIU 31. Similarly, a decoupling circuit 

37 is series connected on the serial transmit TDM bus 33B. The input port and 
the output port of serial interface 35B in the DSP unit 35 is connected to input 
side and output side of the decoupling circuit 37, respectively. The decoupling 

20 circuit 37 is controlled by the DSP unit 35 to switch a direct connection be- 
tween the DLIU 31 and the ACIUs 32 in order to allow the information signals 
on the TDMA bus 33B to go straight to the ACIUs 32, or to disconnect the di- 
rect connection in order to route the information signals to pass through the 
DSP unit 35 in order to be signal processed before being forwarded to the 

25 ACIUs 32. In the preferred embodiment of the invention the decoupling circuits 
36 and 37 are controlled selectively for each time slot in the TDM buses 33A 
and 33B. Thereby, each information signal transferred over the TDM bus sys- 
tem 33 can be selectively processed or left unprocessed. The serial interfaces 
35A and 35B provide a serial-to-parallel and parallel-to-serial conversions 

30 between the parallel data format of the DSP unit 35 and the serial data format 
of buses 33A and 33B. The DSP unit 31 performs a real time signal process- 
ing independently for each information signal (or analog line signal 35) to be 
processed. By a suitable programming of the DSP unit, any possible data 
processing can be selected for the information signals. If needed, a different 

35 kind of signal processing can be selected for every single information signal 
(or ACIU 32). Typical signal processing performed in DSP unit 35 may include 
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analog .nband signalling processing, voice equalization, echo cancellation 
echo suppression, term suppression and/or dual-tone-multi-frequency (DTMF) 
detection and DTMF generation. However, the invention is not intended to be 
restricted any specific voice band signal processing. The primary object and 
advantage of the present invention is that any signal processing can be easily 
added to, removed from or modified in the DSP unit 35 by solely changing the 
software of the DSP unit 35, without requiring any hardware changes There- 
fore, no specrfic signal processing method will be described in more detail 
herein. Typ,cal signal processing methods, such as echo cancellation, are 
well-known in the art. 

The DSP unit 35 may be connected to the TDM bus system 33 in 
many ways different from the one described above. For example, all the infor- 
mation signals may be routed through the DSP unit 35, and the DSP unit 35 
decdes whether the specific user information signal is processed or passed 
through without processing. 

Further, additional ACIUs 32 can be connected to the TDM but 
system 33 without requiring any hardware changes for signal processing 
S.m.larly, extra ACIUs 32 can be removed from the apparatus. 

Although particular embodiments of the invention and variations 
thereof have been described in detail, it should be appreciated that numerous 
other modrfications, variations, and adaptations may be made without depart- 
ing from the scope of the invention as defined in the claims. 



# 
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Claims 

1. An apparatus for interfacing a multi-channel digital link (18,20) 
and a plurality of analog lines (35), comprising 

a digital link interface unit (31) connected to said multi-channel 
5 digital link (18,20) for two-way transmission of user information and signalling 
information, 

analog channel interface units (32 r 32 N ), each of the analog chan- 
nel interface units being connected to one or more analog lines of said plurality 
of analog lines, 

10 a time division multiplexed (TDM) bus system (33) for two-way 

transfer of information signals between said digital link interface unit (31) and 
said analog channel interface units (32 r 32 N ), 

a multi-channel digital signal processing unit (35) connected to said 
TDM bus system for selectively signal processing said information signals 

15 transferred on said TDM bus system (33). 

2. The apparatus as claimed in claim 1, wherein said TDM bus 
system comprises means for dynamically routing information signals in any 
selected one or ones of time-slots in said TDM bus system (33) via said multi- 
channel digital signal processing unit (35). 

20 3. The apparatus as claimed in claims 1 or 2, wherein said multi- 

channel digital signal processing unit (35) is capable of providing dedicated 
signal processing for each specific information signal channel. 

4. The apparatus as claimed in claims 1, 2 or 3, wherein said signal 
processing includes one or more of the following functions: analog inband sig- 

25 nailing processing, voice equalization, echo cancellation, echo suppression, 
tone suppression, dual tone multiple frequency (DTMF) detection and DTMF 
generation. 

5. The apparatus as claimed in any one of the preceding claims, 
wherein said analog lines (35) comprise subscriber lines. 

30 6. The apparatus as claimed in any one of the preceding claims, 

wherein said analog lines (35) comprise interexchange trunk lines. 
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